In the Harefield Thoracic Suirgical Unit the radiologist is invited to join the weekly round made by the whole group of physicians and surgeons, and to enter into the subsequent free discussion of all cases. By this team-work full value is obtained from the X-ray evidence available in any particular case. In the absence of such a combined consultation I personally do not report on a case unless I have a complete history and some indication of the clinical condition of the patient. I shall describe the technique in general and give a short account of the localization of foreign bodies, and of some conditions where the diagnosis is almost entirely radiological.
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: In the Harefield Thoracic Suirgical Unit the radiologist is invited to join the weekly round made by the whole group of physicians and surgeons, and to enter into the subsequent free discussion of all cases. By this team-work full value is obtained from the X-ray evidence available in any particular case. In the absence of such a combined consultation I personally do not report on a case unless I have a complete history and some indication of the clinical condition of the patient. I shall describe the technique in general and give a short account of the localization of foreign bodies, and of some conditions where the diagnosis is almost entirely radiological.
Preliminary films.-Radiology is important in the diagnosis and control of treatment of injuries of the chest. It is essential to get adequate films, postero-anterior or anteroposterior and lateral, at the earliest possible moment. These films enable the clinician to form an early and accurate assessment of. the case. 'Failure to provide good films and consequent misinterpretation have led to delay in instituting correct treatment, and thereafter the almost inevitable train of disasters. We are so convinced of this that now as a routine at Harefield, whenever possible cases on admission are taken to the ward via the X-ray department. These cases should be examined without removing them from the stretcher. It is far less strain on a patient to have good films taken with a high-powered plant in this way than to have indifferent films taken with a portable apparatus, with consequent long exposure, in the ward.
From these preliminary films a fairly accurate knowledge of the conditions in the chest can be obtained, the presence of foreign bodies noted, and some estimate of their situation made. The whole of the chest should be included in the films, ottherwise foreign bodies may be missed owing to the films having been badly centred or centred on the more obviously injured side of the chest.
Localization of foreign bodies.-I have not had to make a single depth measurement for a foreign body in the chest during the past two years, and I am certain that such measurements are unnecessary and useless. It is the anatomical localization which is important and which can be made with certainty by a rapid screening examination. If, on respiration, the foreign body moves with the lung markings near it, it is in the lung; if it does not so move, it is ou2tside. If it moves with the ribs it is outside the lung and in close contact with the ribs. If it does not move with either it is very superficial unless it is in the region of the shoulder girdle.
Foreign body in thze lung.-Having decided that the foreign body is in the lung further localization is required. From the preliminary films and a knowledge of the position of the various septa it -should be possible to say in which lobe of the lung the foreign body lies. If there is a free pleura further localization is waste of time as the foreign body drops with the lung as soon as the pleura is opened, and then, I am told, DEC-.RAD. 1 can be easily felt. If, however, the pleura is adherent more help can be given to the surgeon. At Harefield in such cases we mark the skin overlying the foreign body, using a very small diaphragm, in the' antero-posterior and lateral planes. These markings give the rough position' and depth of the foreign body. A further mark is then made on the skin to show the nearest position on the surface to the foreign body. At the same time a count of the ribs is made and the rib at the site of the nearest point is noted. This counting of the ribs is important as there are two possible fallacies. First of all the skin marking in relation to the rib and foreign body will vary with the position of the arm. Movement of the' arm may result in the shifting of the skin marking by as much as two interspaces. It is therefore necessary to place the arm in the position it will be in at the time of operation. The ward staff should be instructed not to remove these marks before operation.
. Foreign bodies in the mediastinum, including the heart.-Again, the localization of mediastinal foreign bodies should be anatomical and depth measurements are of little use. From antero-posterior and lateral films in the majority of cases a fairly accurate anatomical localization can be made. A screening examination will also help, particularly as to the type of movement, if any, that the foreign body shows. There should be no difficulty in distinguishing between the transmitted pulsation of a foreign body close to the heart and great vessels from the dancing movements of a foreign body which is in the chambers of the heart ( fig. 1 ). Use of tomography in chest injuries.-During the course of two years I have not been requested to do a single tomogram for a parenchymatous chest lesion. I have attempted tomography for fractures of the sternum with slight success in the lateral plane, and I think none at all in the antero-posterior. I have, however, found it of value in the assessment of damage in fractures involving the dorsal spine. When the superadded shadows of the lungs and ribs are removed a surprisingly clear picture can be obtained of the dorsal vertebrae ( fig. 2 ). Some types of injury where the diagnosis depends almost entirely on radiology.-The appearances of a tension pneumothorax with an almost completely translucent hemithorax, a depressed diaphragm on the same side, and a marked mediastinal displacement away from the pneumothorax are well known ( fig. 3 ). But there are several conditions which, from both the radiological and clinical points of view, may closely simulate the tension pneumothorax. Some of these conditions maybe traumatic, others not. It is possible to get a giant cyst of the lung giving an exactly similar radiological picture. It is only when the radiological evidence is correlated with .the physical condition of the patient that it is possible to get some idea of the probable diagnosis. There will be no history of an artificial pneumothorax, no very dramatic onset, and the patient will not show the distress that would have been present with a tension pneumothorax. An illustration of such a case is shown by kind permission of Mr. Tudor Edwards who removed a giant cyst of the right upper lobe, the compressed middle and lower lobes subsequently re-expanding ( fig. 4 ).
There is another condition which both radiologically and clinically may be confused with a tension pneumothorax. It is traumatic in origin and follows gross compression of the thorax or abdomen with consequent diaphragmatic rupture and hernia of the stomach into the thoracic cavity. If, however, the upper limit of the aircontaining space is examined carefullv it will be seen to be curved with the convexity of the curve upwards. This appearance should always suggest the possibility of diaphragmatic hernia, as a spontaneous pneumothorax would not give this shadow unless there had been a previous lesion at the apex causing an adherent pleura, and then the upper limit of the pneumothorax would be much straighter and would not show this curved line with the convexity upwards (fig. 5).
A further condition which may be mistaken for localized pneumothorax is the appearance given by emphysematous bullae, but if the films are carefully examined in these cases it is possible to see very fine strands crossing the apparent pneumothorax cavity, strands which are too fine for the adhesions of a pneumothorax. It is important to recognize this as diagnostic needling is not free from danger ( fig. 6 ).
It is important to follow up these cases of tension pneumothorax and to watch the re-expansion of the lung, as there is always the possibility of some injury to the bronchial tree having occurred at the time of accident which may lead to stenosis of a bronchus. The lobe or portion of the lobe involved will not then re-expand completely and in the case of a lower lobe, which is illustrated ( fig. 7) , will appear as a triangular shadow at the base. Screening examination at this time will show a "mediastinal wandering " into the side of the pneumothorax and by bronchoscopy or bronchography it should be possible to demonstrate the narrowing of the bronchus. In the case illustrated here the lobe was eventually removed by Mr. Holmes Sellors.
Much has been written about the effects of blast on the lung. The typical picture as described by Zuckerman (1941) is now almost too well known to need description, with its peripheral distribution and shadows rather resembling pleural thickening ( fig. 8 ). It is, however, interesting to note the comparative rapidity of resolution shown in these cases, where in about three days considerable clearing of the lung fields has occurred and frequently in ten days they have returned to normal, and to compare this speed of resolution with another tvpe of shadow found in the chest following injury. This second type of shadow is much more frequently localized to one lung and complete resolution may take as long as six or eight weeks. It has, moreover, been seen in cases where there was no possibility of blast injury and these appearances, we think, are due to gross localized haematoma of the lung ( fig. 9 ).
There is another type of shadow which may be found in the chest following trauma. This is a somewhat rounded opacity with well-cut, clearly defined margins. We have so far seen only one example of this and we were at a loss to account for it. Mr. Holmes Sellors explored the chest and found that the opacity was due to organizing blood-clot in a cavity in the lung, the walls of which were ragged and did not resemble the walls of a pre-existing cyst. We consider, therefore, that it is an unusual type of hiematoma ( fig. 10 ). The mention of a pre-existing cyst leads to a word of warning. Because a case is admitted as an air-raid casualty one should not necessarily interpret all the shadows present as being due to the accident. In one case that was admitted to our Chest Unit as an air-raid casualty with a history of injury to the right lower ribs and hemoptysis, a rounded shadow was seen in the right lower zone which persisted unchanged for some time. Further investigation proved this to be a primary bronchial carcinoma.
There is little to say from the purely radiological standpoint about hiemothorax, as in appearance it resembles an ordinary effusion with the exception of the occasional aird somewhat bizarre appearances that may result from clot formation.
Though we are primarily radiologists yet are we doctors also, and if as the result of our radiological investigations we are able to make suggestions for treatment co our clinical colleagues, then I think we should do so.
It has long been known, although little attention has been paid to it, that intrapleural pressures vary with the position of the individual. It may be accepted that the intrapleural pressures are lowest when the patient is lying on the opposite side to the one being investigated; that the pressure becomes more positive when the patient is erect; that there is a further rise with the patient lying flat on the back, and a very definite increase of pressure when the individual is lying on the side in which the pleural readings are being taken. Livingstone (1928) says: "With changes in posture of the body the diaphragm alters in level making a difference in the volume of the chest. . . . In the erect position the diaphragm is low and the intrathoracic volume is large; in the supine position it is high and the volume is diminished." A. E. Barclay (" The Digestive Tract " Proceedings of the Royal Society of Medictne 4 chosen as this is the one that is least affected by variations in the depth of respiration. Tracings have been made fromn these films and superimposed. In the first one the continuous line represents the state of affairs in a patient lying on the right side, the broken line the condition inside the chest when the patient lies on the left side ( fig. 11 ). In the second illustration the continuous line is a tracing of the supine film and the broken line the tracing of a film taken with the patient lying on the left side ( fig. 12 ). It will be readily seen that though there is an alteration in the expiratory pressure from -4 to +3 with a turn from right to left side, and of 0 to +3 by simply turning from the supine to the left side, yet there is no extra burden thrown on the other lung by a displaced mediastinum. In fact, the mediastinum is displaced into the injured side. It was found necessary to remove 400 c.c. of air to reduce the pressure from +3 to atmospheric; in other words by turning the patient from the supine position into the left lateral recumbent position there had been a saving of 400 c.c. of air and the balance of mediastinal displacement is still considerably in the patient's favour. Now this is an absolutely constant finding, and should, in my opinion, mean that if, as a first-aid measure, every case showing injury to the chest is turned on to the affected side the loss of air or blood will be considerably smaller.
Three possible arguments may be raised against this theory. The first is that the dependant lung may show congestion. There is no proof of this and I think the change in appearance is due to the increased compression of the lung. Moreover, Hilton (1925) showed that after the induction of a pneumothorax there was a reduced flow of blood through the collapsed lung. Another point that may be raised is based on the work of Bjorkman (1934) in his studies on broncho-spirometry. He claims that in the lateral position the function of the upper lung is diminished. I feel from the radiological studies we have made that there is some other explanation of his findings, and think that possibly in his series the patients, when lying on the side, had the dorsal spine curved with the convexity downwards thus narrowing the rib spaces on the upper side. This would, of course, lead to diminished respiratory exchange in this lung. If, however, the patient is straight in the lateral position or is lying over a cushion placed ,odnfder the bad side then this state of affairs does not arise. The last objection that might be raised is that when the patient is lying on the injured side it might be more diffcult for him to expectorate from the lung with a consequent tendency to massive collapse. I doubt if this would occur, and as the use of this posture is only suggested as a first-aid measure the possibility need not be seriously considered. By this simple measure it may be possible to prevent the more immediate effects of marked exsanguination and the more distressing symptoms of pressure pneumothorax. The surgeons' work should also be easier, in that the resultant cavity with which they have to deal will be smaller, possiblv half the size of the one that would have been left had the patient been kept in the more accepted position following injury.
Mr. T. Holmes Sellors:
The main thing that has struck me in connexion with the early stages of casualty work is the average inadequacy of the original films. Portable X-rays are obviously, better than nothing, though I frankly admit that many of the films produced, particularlv the lateral views, are quite -beyond my interpretation. In most hospitals radiography is not considered until the patient is in bed and fully settled in the ward. Now if it were possible for the patient to be X-rayed on the full set on his way from the -receiving room to the ward the results would be of incomparably greater value. It should be practicable for this to be done without moving the patient from the stretcher and without undue manipulation and distress. A severely injured individual who has survived transport to hospital is not likely to suffer much additional harm from an expeditious visit to the X-ray department on his way to bed. In support of our contention I would mention that with post-operative cases we find that the majority of them can be wheeled in their beds to the X-ray room for the taking of necessary films; Section of Radiology 101 the worry to the patient is no greater than if the portable plant is used and the results are infinitely more satisfactory to ourselves. However circumstances must guide procedure in this respect (figs. 13 and 14).
The necessity for full and complete radiological investigation is of course obvious; without this, serious injuries may be overlooked in the -absence of adequate physical signs or in the confusion that inevitably results from multiplicity of lesions. What may ultimately turn out to be the major injury may not be recognized at the initial clinical examination or may be relegated to a minor position of importance. For example in the cases of obvious chest injuries a penetrating foreign body may end its course some distance from the thorax. I recall a case in which a bullet entered the upper chest and ultimately lodged in the thigh, but the mention of this is only to draw attention to the necessity of ensuring that complete radiological investigation be made. With multiple injuries and when individuals are close to the site of an explosion the chest comes in for its fair share of the bodily damage. An intrathoracic lesion may escape notice in the early stages if the clinical signs and symptoms are slight-as in a case of "blast " which can occur with practically no symptoms.
There are sonie circumstances in which radiology can give little or no help. The lateral view of the upper thorax is never particularly clear on account of the thickness of the shoulder girdles, and when there are injuries to the shoulder or clavicle the arm cannot always be moved out of the way; consequently the advantages of even an average film are discounted. A case in point was that of a man who was shot by a revolver bullet. On the antero-posterior film the bullet was absolutely central and from its suspected course its presence in the posterior mediastinum was suggested. The injury, however, had involved the clavicle and the necessary lateral film for accurate localization could not be taken. At operation it was found that the missile had passed through the upper chest drilling the upper lobe of the lung and had become lodged in the spinal muscles. The necessity for lateral as well as antero-posterior films of the chest is essential whenever accurate localization is required.
The metallic nature of bullets and bomb fragments makes their recognition a comparatively easy matter, but there are numerous other substances, such as glass, wood, brick and cloth material, which are not easily identified when deeply embedded in the chest. Some of these have been recognized, but I fear that there are many that have escaped notice by virtue of their relatively radio-translucent nature.
Radiology by itself can identify fluid collections within the pleural cavity, but it remains for the clinical history and the aspirating needle to determine whether such fluid is simple effusion, blood or pus. Similar diagnostic difficulties occur with pulmonary shadows which may be produced by haemorrhages, consolidation and patchy collapse, and other aspects of the case must be studied to arrive at a more accurate answer.
Foreign bodies.-In considering foreign bodies in the chest Dr. Blair has indicated the method of determining their relationship to the chest wall and from the surgical aspect a more detailed consideration of intrapulmonary missiles can be made. A good deal can be learned from correctly distanced and centred films in two planes. The method of finding the lateral plane of the foreign body and then transferring this line to the antero-posterior film and making a careful rib count serves well, but from one's experience in the drainage of lung abscesses for example one knows how easy it is to be an inch or so out. If the foreign body is not unduly large we find, therefore, that it is advisable to localize it under the screen with the patient's arm held in the position that it will be in at actual operation. The dark minutes occupied in screening are amply repaid at the full light of operation.
It is difficult to decide what missiles can safely be left alone and what are best removed. It would appear that life is not compatible with an embedded fragment in the chest much over one and a half to two cubic inches-at any rate we have not seen them in survivors. Foreign bodies may be removed-shortly after their reception, or at a later date when intrathoracic conditions have returned to normal. " Immediate " removal is often practised when the missile is of large size; it is not the actual foreign body that demands atttention, but coincidental intrathoracic haemorrhage and lung damage. At thoracotomy bleeding can be arrested, the pleural cavity cleaned out and lung damage repaired in addition to removing the missile. At the same time as much primary excision of the superficial wounds and wound track as is feasible can be undertaken. These cases Proceedings of the Royal Society of Medicine 6 on the whole do well in spite of their apparent severity, and as a rule there is little difficulty in finding the foreign body as the wound track is identified. Large fragments tend to be single, whereas small pieces are often part of a general spattering of the patient, who consequently has multiple injuries to be considered. 'the presumable reason why large fragments are so commonly single is that survival after being hit by several big lumps of metal is a precarious matter, and multiple injuries of this character are rarely seen by the surgeon.
" Immediate " removal of a foreign body incidental to arrest of hzemorrhage and wound excision is the ideal of treatment, but in practice it often happens that the chest injury is treated expectantly and the question of foreign body removal does not come up until later. During this interval such conditions as haemothorax should be treated by aspiration and actual intervention only considered when all wounds are healed and the danger of infection has passed or truLy subsided-on an average a period of three to four weeks.
It is often urged that a foreign body which has been accommodated by the lung for some time without giving trouble might well be left alone, apart from instances in which symptoms make its removal a more urgent matter. But the later histbry of such cases is studded by the occurrence of hoemoptyses, lung abscess formation and bronchiectasis.
In a case recently under my care, the patient as a boy was stabbed by a hat-pin which broke off and after an initial haemoptysis gave no trouble or discomfort; now, thirtytwo years later ( fig. 15 ), the man has had several haemoptyses which can be attributed directly to the embedded foreign body. As a rough working rule we would suggest that any retained foreign body ( fig. 16 ) bigger than the little finger-nail should be removed.
The patient should be for preference youngish and fairly fit. Another factor that has considerable bearing on the decision is the position of the missile in the lung; if it is near the surface it may give rise to later pleural adhesions and pain, and in this region it is easily reached. Per contra, if it lies close to the pericardium or lung root it may constitute a dangerous centre for an infective lesion at a later date and be extremely difficult to approach. A young girl who had a small bomb fragment close to the pericardium did well at the start under conservative treatment. However, an effusion in the pericardium developed as a direct result of irritation; this subsided as soon as the foreign body was removed.
If removal is decided upon it is advisable to attempt induction of an artificial pneumothorax. In a proportion of cases the pleura is free and radiology will probably be able to suggest in which lobe the foreign body may be found. The procedure in this case is to perform a small formal thoracotomy and to identify the fragment in the lung by palpation and if necessary needling. On the other hand if the pleura is adherent accurate screening localization makes it possible to remove the foreign body through a small incision directly over it. It is worth noting that when adherent lung is incised its elastic character causes the wound to gape and retract, so that the surgeon is liable to push the fragment inwards when probing or feeling for it and thus to find it at a deeper level that it actually was at the start.
Hxmothorax.-Blood in the pleural cavity is the most common finding in cases of chest injury. The blood may come from lung or chest wall, and it is important to see whether ribs are broken or not. Absence of rib injury indicates that bleeding from intercostal vessels is unlikely, but their fracture immediately suggests the possibility. Associated air in the pleura in the absence of a functional external opening means that lung has been punctured. If blood and/or air accumulate to any extent in the pleural sac the lung is collapsed and the actual pressure of the alien material may cause displacement of the mediastinum. Tension or pressure phenomena are common and should be recognized clinically more frequently than they are; it is often left to radiology to make the diagnosis. Relief of the patient's extreme distress can be obtained by putting a needle into the pleura without delay and removing a sufficient quantity of fluid or air.
The essential treatment of a hsemothorax of any appreciable size is its early removal. It has been suggested that a small collection be left to absorb, but there is no justification for running the risk of the subsequent loss of respiratory function by following this course. Intrapleural blood tends to remain fluid unless infection supervenes; and it can easily be aspirated through a needle. The line to adopt is to empty the chest completely as soon as the risk of active bleeding is over-within the first twenty-four to forty-eight hours. With a large haemothorax the removal of blood will have to be associated with a certain amount of gas-replacement. After the initial aspiration, clinical examination and X-rays will show how much fluid is left and the aspiration should be repeated every day or every other day until the pleural cavity is completely dry. A clear costophrenic sinus suggests efficient removal, but this should be checked some days later in case any effusion has collected. The radiological control of the final stages of aspiration is an important one and a fluid level towards the base is more surely recognized by X-rays than by percussion, particularly on the right side.
Sometimes an irregular basal mass is found and this is probably produced by clot ( fig. 17 ) which cannot be removed through a needle. If this is of any size the question of evacuating it through a small thoracotomy incision should be considered. The whole treatment aims at producing a rapidly expanded lung which will reach a chest wall that is not unduly thickened by organizing blood and fibrin. The disaster of a badly treated haemothorax, even if there has been no infection, has to be seen to be believed ( fig.  18 ). It is no good urging that conservative measures give quite good results; there is all the difference between a patieiit who is able to get about and one who returns to his work with a vital capacity of 80% to 90% of his normal.
The main complication and fear that attends haemothorax is infection. In the diagnosis of this radiology can give little or no help unless it recognizes the presence or increase of gas above the fluid in the case of anaerobic infections. The colour, smell and bacteriological findings of the aspirated fluid must give the answer. However, when infection has developed radiology can give assistance in determining the right site for drainage when this becomes necessary. Admittedly with a free and extensive collection of infected blood trial by aspiration gives the most dependent point of the cavity with considerable accuracy; but if there is any doubt the injection of a few cubic centimetres of radioopaque oil into the cavity followed by two-plane X-ray films gives practical visual help.
The control of an infected pleural cavity is frequently one of the most mishandled features of surgery, as witnessed by the large numbers of chronic empyemata that are allowed to occur every year. Detailed and continued observation of the healing process is essential once adequate drainage has been instituted and maintained. Radiology gives inestimable help during the whole period of closure if the cavity is filled with radio-opaque oil at regular intervals. 'The ability to visualize the size and shape of the empyema cavity from the antero-posterior and lateral films enables the surgeon to give proper attention to details of drainage and tube control before it is too late. These pleurograms do not only help ( fig. 19) by showing the form of the cavity; they may show unsuspected pockets which communicate with the main cavity. Also bottle-neck tracks and small bronchopleural fistulae may be detected in a manner that cannot be achieved by any other method. Pleurograms are far better than trusting blindly to nature, probes or bougies. In cases where there is pleural thickening the use of a barium impregnated or " loaded " tubing is useful since the tubing shows up clearly on X-ray.
Abdomino-thoracic injuries.-Injuries which involve both chest and abdomen are associated with perforation of the diaphragm-a feature which may not be of much actual significance on the right, but which may have dramatic consequences on the left. If the tear in the diaphragm is of any size the probability of the stomach being found in the thorax is considerable.
Closed crush injuries to the lower chest, as may be instanced by explosions, car accidents, shunting-yard misadventures, and falls from a height, may produce rupture of the diaphragm. If this occurs on the left the intra-abdominal pressure and the pull of the pleural pressure causes the stomach to enter the pleural cavity, and the big bull of the gastric organ gives rise to many of the errors in diagnosis that Dr. Blair has already indicated. These mistakes are common in spite of good radiological pictures and in any case of doubt the thin upper curved line of the stomach wall should be looked for under the rib shadows.
Penetrating wounds which involve the diaphragm are almost certain to damage some abdominal viscus at the same time. Liver, stomach, colon and spleen may all be damaged at the same time, but in most cases the most obvious and important lesion affects the stomach. In these circumstances diagnosis is rarely helped by X-rays. Perforation of gut might be expected to give signs of free gas in the peritoneum, but inthe cases 8 that I have encountered there has been no indication of this. The stomach usually remains in the abdomen in distinction to the closed type of injury and the presence of stomach contents in the pleural cavity suggests that the stomach is often blown through the diaphragm into the chest and then retires in a collapsed state to its normal position. In a recentcase of bullet wound with entry close to the heart, radiological evidence pointed to extensive thoracic damage, but gave no indication of what had happened below the diaphragm. At thoracotomy it was found that the pleural cavity was full of blood and hard-boiled egg; the small puncture in the diaphragm was enlarged and it was found that both walls of the stomach had beendrilled, in addition to damage to liver and spleen. The stomach was collapsed, but there was no sign of stomach contents in the peritoneum. Clearly if the tear in the diaphragm is extensive the free communication between the two serous sacs may lead to a more varied and easily recognized X-ray picture.
Rupture of bronchus.-Dr. Blair has already shown the case of a child who after a crush injury developed a tension pneumothorax and later a collapsed right lower lobe ( fig. 7) . Bronchoscopy revealed a soft stricture at the opening of the lower lobe and in spite of repeated dilatation the narrowing persisted. The lower and middle lobes were removed by dissection and the specimen showed that the stricture had become complete, anl the bronchus was represented by a fibrous band. The collapsed lung contained dilated bronchi full of muco-pus. The cartilaginous wall of the bronchus had actually been torn across close to the hilum leaving temporary functional continuity thrqugh a cuff of mucous membrane. This type of injury has been reported, but its full significance has not been realized. It is a strong indication of the importance of following up all cases of crush inJury for some time after their apparent cure; radiograms should be taken and watch kept for any signs of collapse in the lung tissue.
Dr. W. D. W. Brooks: In no branch of medicine or surgery can the radiologist be of greater assistance to the clinician than in the management of cases of chest injury. I ar, convinced that co-operation in the sense of a weekly conference at ,which the radiologist and the medical and surgical staff are present, is most important.
A chest injury, if it is of some severity, commonly gives rise to four major sequelae which singly or together may be fatal to the patent. These are shock, haemorrhage, disordered respiratory and circulatory function, and finally infection. The diagnostic and therapeutic problems presented by the first of these are not, in the light of existing knowledge, matters in. which radiology is of any assistance. The onset, and gravity of haemorrhage too are assessed for the most part by other methods, although when the chest is closed, the exact location and extent of a haemothorax can best be demonstrated by radiological means, as can the subsequent progress of this thoracic lesion when appropriate therapy has been instituted. We need efficient yet simply applied tests of respiratory and circulatory function under abnormal conditions. The clinical symptoms and signs, and all the available simple methods of estimating function in these circumstances are frequently fallacious and always incomplete, while more elaborate procedures such as the estimation of the cardiac output or the components of the lung volume, cannot as a rule be applied to just those,, cases-where they are miost needed; moreover their determination is difficult and tediqus, so that they have to-day an academic rather than a practical significance. We thus are unable to evaluate accurately the degree of impairment of respiratory and circulatory function which a chest injury has caused. Furthermore we usually tend to err the more grossly in our estimate during the early acute phases when proper and commensurate resuscitation is urgently required. Of necessity, a clinical assessment is_etrployed, and I would emphasize that it is more likely to approach the truth if it is based,upon an accurate knowledge of what may be called the pathological anatomy which the case presents. It is here that radiology and radioscopy play a most important part. Not only do they usually permit the identification of the nature of the lesion, or lesions, with far greater certainty than is at present otherwise possible, but, in addition, they often allow a limited forecast to be made of the type and degree of respiratory or circulatory disability which may in consequence arise, or which indeed may already be present yet undetected by the crude methods at our disposal. Furthermore, the progress of the case, in respect of its pathological anatomy can best be followed by these means, to our great advantage in ordering appropriate therapy. Infection as a complication in a chest injury is for the most part recognized and its I t I -severity assessed by non-radiological methods. For example, pus, blood, chyle or serous effusions in the pleural cavity, give the same radiological appearances, and similarly it is not always possible to distinguish blast lesions or haematomata from pneumonic lesions.
On the other hand when the clinical and other evidence indicates the presence of intrathoracic infection, its localization and extent, at any stage in the course of the case can, as a rule, best and most accurately be judged by radiological examination.
I should like to discuss at this stage certain types of chest injury.
Pneumothorax.-It is neither necessary nor desirable to X-ray a patient with a "sucking" pneumothorax. The diagnosis is obvious, and temporary closure of the wound is an urgent siecessity. When this preliminary therapy has been completed radiological investigation is of the same importance and value as it is in those cases of pneumothorax not dependent upon an open wound of the chest wall.
A small closed pneumothorax is not as a rule productive of serious symptoms, its presence can often be detected clinically and can nearly always be identified radiologically.
It is not generally realized that the dyspncea caused by a pneumothorax bears little relation to the extent of the pulmonary collapse. A closer relationship exists between the degree of dyspncea and the extent of the mediastinal oscillation which occurs with respiration. This phenomenon can best be recognized and its extent estimated by radioscopy.
The knowledge which X-rav examination will give of the extent of pulmonary collapse is, however, of some therapeutic importance, since the progress of the lung's re-expansion can be accurately followed in this way.
The relatively rare valvular pneumothorax which may easily and rapidly be fatal, can as a rule be recognized by dinical examination, and confirmed bv measuring the intrapleural pressure over an interval of time. The radiological differential diagnosis has been discussed. In practice, in cases of chest injury, the conditions with which on clinical examination it is most likely to be confused are diaphragmatic hernia, and, when the left side is involved, atelectasis of a large proportion of the lung, which will occasion a correspondingly considerable tise of the diaphragm. Although clinical signs should often be decisive, these conditions mav be distinguished from each other with certainty at X-ray examination. b A further important function of radiolo'gy when a pneumothorax is present lies in the fact that it will reveal the co-existence of other lesions, all clinical evidence of which may be obscured by the pneumothorax. Thus, for example, intrathoracic foreign bodies, atelectasis of the underlying lung, haematomata, and the presence of small amounts of fluid in the pleural cavity mav, any or all, complicate pneumothorax and will be best demonstrated radiologicallv.
In cases of penetrating wounds pneumothorax will frequently be complicated by more or less extensive surgical emphysema which will mask the physical signs. The extent of both lesions can be shown radiologically.
Finally, therapeutic artificial pneumothorax may be used for the control of haemoptysis occasioned by thoracic injury--more especially since prophylactic chemotherapy is available to diminish the risk of pyothorax the procedure might otherwise entail (Kretzschmar, 1940) . The clinical management of such a pneumothorax may need frequent radiological control just as does therapy for the traumatically caused spontaneous pneumothorax Fractures of the thoracic cage.-The site and extent of fractures of the bony skeleton of the thorax can only be located accurately by radiological means, though clinical examination is often more informative in cases in which the sternum and costal carti-Jages are involved. At such an examination co-existent lesions will also be demonstrated and this becomes the more important since with a loose thoracic wall percussion loses much of its value ( fig. 20) . Hernia of the lung is as a -rule more effectively demonstrated clinically.
Sternal fractures, and those of the costal cartilages and anterior ribs occasion gross mobility of the thoracic cage and give rise, just as does a sucking pneumothorax, to paradoxical respiration ( fig. 21) . Multiple rib fractures elsewhere may have the same effect. The condition is usually obvious by inspiratory recession of the chest wall, it is also revealed by screening at which examination the degree of the co-existent mediastinal oscillation will be demonstrated. At this examination the efficiency of therapeutic strapping can be gauged and so the decision as to the necessity of utilizing a Both respirator (Brooks, 1941) will be facilitated. Gunshot or other injuries to the bodies of the vertebrie, which may give rise to continuous pain akin to that sometimes caused by pressure by an aneurysm may be localized radiologically-and the localization will have proportionately greater importance if consecutive involvement of the spinal cord has occurred. Blast lesions and localized hxmatomata of the lungs.-Blast lesions of the lungs though quite extensive may give little or no clinical evidence of their presence, while even ;f such evidence of these lesions is forthcoming it is not in my experience in any way characteristic. Radiological examination is therefore of the first importance in the recognition of the disorder, moreover in this way only can its extent be demonstrated. Some concept of the gravity of the situation will thereby be obtained. In general it seems probable that the more extensive the damage the greater is the likelihood that the patient is approaching the limit of his respiratory resources, though I have encountered cases in which, in the absence of shock, respiratory embarrassment has seemed disproportionately great as compared with the radiological extent of their blast injury. Some of these patients have been shown radiologically to develop an increase in the pulmonary lesions during the next two days.
Patients with blast lesions of some severitv tolerate general anaesthesia -and surgical procedures poorly. Finally, the multiple htematomata to which blast gives rise are absorbed comparatively quickly.
From this knowledge it follows that all patients who have been exposed to the risk of blast should have a complete radiological examination of the chest at the earliest possible moment, and that the examination should be repeated until, as far as radiologv can show, the lesions are absorbed. During this period, only in dire necessity will operatio'l for the relief of such other wounds as the patient may have sustained be permitted.
Localized pulmonary haematomata following the foxcible impact of any hard object against the chest wall may vary in size and density from a just perceptible radiological lesion to an apparent consolidation of a whole lung (figs. 22 and 23). Large or small, their clinical detection is uncertain, and I have been impressed by the infrequency with which bronchial breathing is transmitted even by peripheral haematomata of considerable size. Their demonstration and localization is simple and exact b.y radiology, and their relatively slow absorption can well be followed by repeated examinations of this kind ( fig. 24 ).
Bronchopneumonic lesions may be confused with the effects of blast, while the neumonias, infarct, fat embolism, and if the lesion is circumscribed, peripheral neopsms and lung abscess may resemble haematomata. Taken in conjunction, the clinical and radiological findings, together with a study for a limited time of the course of the disorder are as a rule sufficiently decisive for diagnosis. Pulmonary atelectasis.-It is as a rule possible to distinguish extensive pulmonarv atelectasis from other lesions at clinical examination in an uncomplicated case. Chest injuries are, however, frequently complex, so that classical signs are given in a minority of cases. In such circumstances the value of radiology and radioscopy is great indeed.
for atelectasis of the lung constitutes an emergency which needs early recognition and prom t therapy (fig. 25 ). The subsequent progress of the case can also best be followed radio Logically. If in spite of bronchoscopy and other measures the atelectasis persists, bronchiectasis is likely ultimately to result. The site and extent of this disease can accurately be shown by bronchography-a procedure which is essential for its proper treatment. Cardiovascular injuries.-Since the size, shape, and position of the heart can only accurately be ascertained by -radioscopy and radiology, and since this knowledge is often of considerable value in many types of chest injury both cardiac and extracardiac, wc are frequently for this reason in need of a radiologist's help. For example, a foreign bodv adjacent to the heart, particularly if it touches that organ's posterior surface, may set up marked delirium cordis although little or no cardiac damage has been sustained: The value of the localization of the foreign body, together with the ascertained increased probability of anatomical normality of the heart in such a case is manifest. Foreign bodies in the heart will likewise be revealed. Cardiac contusion on the other hand often presents no abnormal radiological appearances. Gross cardiac irregularity occurs not infrequently if sudden severe mediastinal displacement takes place, and to the irregularity is added severe impairment of circulatory (and respiratory) function if mediastinal oscillation co-exists. X-ray examination will provide the explanation for what may otherwise in these circumstances be a very confusing condition. Cardiac failure should usually be detected clinically, but if doubt exists the diagnostic help radiology will give in demonstrating an alteration in shape and size of the heart and increased pulmonary vascular congestion may justify its use.
The physical signs over the heart in the presence of a pneumothorax, especially if surgical emphysema is a complication, are sometimes bizarre in the extreme. In such a case as a rule it seems probable that pericarditis, or that a pericardium containing air or fluid or both, is present. Radiology can then do much to establish whether the heart is normal or not.
Similarly, though the peripheral and local consequences of severe pericardial lesions of the above types give rise to well-recognized physical signs, exact diagnosis and the early institution of appropriate therapy are greatly facilitated by radiological investigation. Surg.-Commander Robinson Thomas said that there were three points that had arisen in the excellent papers that they had just heard. The first was with regard so the examination of patients' chests in the X-ray department before they were admitted to the wards. This could not be done unless they were sent to the department by the medical officer receiving the cases on admission to the hospital. Many cases, for whom a skiagram of the chest to be taken in-the ward with mobile apparatuLs was demanded, would suffer little or no setback if they were sent to the X-ray department on a stretcher for examination on the more powerful plant, thus obtaining a better film.
The second point was that many of the films shown that afternoon appeared to have been cut in half, and the section often appeared at a point of clinical importance. This abuse of the film was often carried out by the Ministry of Pensions, and it would be helpful if they could find some other way of treating the film so that it would go into a smaller compass. Rolling the film into a cylinder took up less space and was less mutilating.
The last point was in regard to the physical signs of " blast ". The speaker and his colleagues, Allison and Dean, had written up the first series of " blast`cases described in the present war (Dean, D. M., Thomas, A. R., and Allison, R. S., 1941, Lancet (ii), 224). These cases were mostly pure " blast ", and though some were complicated by immersion, they were not complicated by dust. Allison and Dean had described one physical sign which they regarded as characteristic of blast chest, and that sign was " ballooning". This was seen as a general fullness, particularly in the upper thorax, as the patient lay in bed. This appearance had been seen in most of their cases, and had disappeared after a few days when the chest returned to normal. 
